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1	Introduction
RAN1 has introduced one multi-DCI based transmission scheme and 5 single-DCI (sDCI) based transmission schemes as shown in Table 1 and RAN4 has agreed to define at least PDSCH with multi-DCI (mDCI) based scheme and single-DCI based SDM scheme. 
[bookmark: _Ref47426375]Table 1	Multi-TRP transmission schemes in traduced in NR eMIMO WI. 
	Transmission scheme
	Description

	Multi-DCI based scheme
	· Each DCI can schedule PDSCH independently. 

	Single-DCI based SDM scheme
	· Transmit one or two transport blocks.
· Two TCIs from different TRP can schedule different set of layers, e.g., layer 0 from TRP#0 and layer 1 from TRP#1.
· Two PDSCH symbols are fully-overlapped in frequency and time domain.

	Single-DCI based FDM Scheme A
	· Single PDSCH transmission occasion for one transport block scheduled with a single redundancy version.
· Some PDSCH PRBs from TRP#0, other PDSCH PRBs from TRP#1. They are non-overlapped in frequency domain, but overlapped in time domain.  

	Single-DCI based FDM Scheme B
	· Two PDSCH transmission occasions for one transport block each scheduled with two redundancy versions.
· PDSCH from different TRPs are non-overlapped in frequency domain but overlapped in time domain.
· Subject to UE capability, UE can combine PDSCH symbols from two PDSCH transmission occasions.

	Single-DCI based TDM Scheme A
	· Subslot-based TDM, i.e., PDSCH from two TRPs are non-overlapped in time domain but overlapped in frequency domain. 
· Two PDSCH transmission occasions for one transport block each scheduled with two redundancy versions.
· UE can combine PDSCH symbols from two PDSCH transmission occasions.

	Single-DCI based inter-slot TDM
	· Slot-based TDM, i.e., PDSCH from two TRPs are non-overlapped in time domain but overlapped in frequency domain.
· The number of repetitions is configured by RepNumR16.
· Multiple PDSCH transmission occasions for one transport block scheduled with up to four redundancy versions.
· UE can combine PDSCH symbols from multiple PDSCH transmission occasions.



One of the remaining issues is whether to define FDM/TDM transmission schemes scheduled by sDCI [1]. 
	Define performance requirements only for FDM scheme A and inter-slot TDM scheme with the following applicability rule: ​
· FDM scheme is skipped if UE passes the multi-DCI based multi-TRP Tx requirements and TDM scheme is skipped if UE passes URLLC slot aggregation requirements and anyone of the other multi-TRP Tx requirements. ​
Two test cases per duplex mode: ​
· Option 1: ​
· Test 1a: Single-DCI based FDM scheme A with frequency offset and negative time offset​
· Test 1b: Single-DCI based inter-slot TDM with positive time offset​
· Option 2: ​
· Test 1a: Single-DCI based FDM scheme A with frequency offset and positive time offset​
· Test 1b: Single-DCI based inter-slot TDM A with frequency offset and positive time offset​
· Other options are not precluded​
PDSCH configuration​
· Option 1: Reuse parameters (TDD configuration, SSB and CSI-RS configuration, PDCCH setup, Propagation conditions and TO/FO) from single-DCI based SDM Tx scheme test case​
· MCS:
· Option 1: MCS 13​
· Option 2: MCS 19​
· Other options are not precluded​
Test metric for requirements definition​
· Option 1: 1 % BLER which is more suitable for URLLC service​
· Option 2: 70 % @ max throughput as in eMBB related test cases​



2	sDCI-based FDM scheme A
2.1	Discussion
RAN4 has agreed to define mDCI-based SDM schemes where PDSCH symbols from two TRPs are fully overlapped in time domain but not overlapped in frequency domain. This PRB allocation is very similar to FDM scheme A with wideband precoding granularity, but mDCI-based transmission requires UE to be capable of multiDCI-MultiTRP. We therefore propose to define sDCI-based FDM Scheme A with applicability rule. 
Proposal 1: RAN4 defines PDSCH demodulation requirements with sDCI-based FDM Scheme A for UE capable of supportFDM-SchemeA.  
Proposal 2: FDM scheme A requirement is skipped if UE passes the multi-DCI based SDM requirements.
In order to reduce the additional simulation efforts, we propose to reuse the same test setup and metric as mDCI-based SDM transmission, that is, configure MCS19 and use the metric as the 70% of the maximum throughput.
Proposal 3: For FDM scheme A requirements, RAN4 reuses the same test setup and metric as the mDCI-based SDM transmission requirements, that is,
· Configure MCS19,
· Use the 70% of maximum throughput as the test metric,
· Set the same requirements (SNR) as multi-DCI based transmission scheme, and 
· Configure frequency offset and negative time offset
3	sDCI-based inter-slot TDM scheme
3.1	Discussion
Another open issue is whether to define inter-slot TDM demodulation requirements. As we discussed in WF [1], we can accept to define the PDSCH demodulation requirement with the condition the inter-slot TDM scheme is skipped if UE passes the URLLC slot aggregation requirements and anyone of the other multi-TRP Tx requirements.  
Proposal 4: RAN4 defines PDSCH demodulation requirements with sDCI-based inter-slot TDM for UE capable of supportInter-slotTDM.
Proposal 5: Inter-slot TDM requirement is skipped if UE passes URLLC slot aggregation requirements, discussed in Rel-16 URLLC WI performance, and anyone of the other multi-TRP Tx requirements.
3.2	Simulation results
This section shows our initial simulation results of PDSCH with sDCI-based inter-slot TDM scheme. Since one of the applicability rules is related to PDSCH slot aggregation requirements discussed in Rel-16 URLLC WI performance, we have reused the simulation assumptions for NR URLLC UE performance requirements [2]. 

	· SCS/CBW: 15kHz/10MHz for FDD and 30kHz/40Mhz for TDD
· PDSCH configuration
· Mapping Type A, Start symbol 2, Duration 12
· PRB allocation: Full (52 PRBs for FDD and 106 PRBs for TDD)
· Aggregation level: 2
· Maximum number of HARQ transmissions: 4
· DMRS configuration: Type 1, 1 additional DMRS, Single symbol
· TRS configuration: 20 ms periodicity, 2 slots, Offset 10 ms per TRP
· SSB configuration: Periodicity 20 ms, Allocated in first slot within 20ms
· FRC: Rank 1 with MCS 13/16/19 (MCS Table 3)
· PRB bundling: 2
· Precoding model: Random Precoding, per slot, PRB bundling granularity (codebook configuration Single panel Type 1)
· Propagation condition: TDLA30-10
· Antenna correlation: 2Tx per TRP, ULA Low
· Receiver type: MMSE-IRC
· Test metric: 1% BLER (BLER is calculated after all transmission)



Figure 1 shows our simulation results of sDCI-based inter-slot TDM with different frequency offset and timing offset configurations. We use BLER as the metric because the PDSCH requirements in URLLC uses the PDSCH BLER as the metric.
From the simulation results, it is observed that the sDCI-based inter-slot TDM transmission shows the performance gain compared with legacy (single TRP based) transmission regardless of the MCS configuration. It is also observed that the inter-slot TDM transmission is sensitive to the frequency offset, but timing offset does not affect to the inter-slot TDM performance. Moreover the frequency offset affects significantly to the higher MCS performance.
Observation 1: sDCI-based inter-slot transmission shows performance gain compared with single-TRP based transmission.
Observation 2: sDCI-based iner-slot transmission performance is affected by frequency offset between two TRPs, especially for higher MCS.
With the observations, we propose
Proposal 6: Set the same MCS (13, 16, or 19) as PDSCH slot aggregation defined in Rel-16 URLLC WI performance part. 
Proposal 7: Use the same test metric as PDSCH slot aggregation defined in URLLC WI, that is, 1% BLER. 
Proposal 8: Configure frequency offset and positive time offset.
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[bookmark: _Ref52558080]Figure 1	Simulation results of sDCI-based inter-slot TDM.


5	Summary
Proposal 1: RAN4 defines PDSCH demodulation requirements with sDCI-based FDM Scheme A for UE capable of supportFDM-SchemeA.  
Proposal 2: FDM scheme A requirement is skipped if UE passes the multi-DCI based SDM requirements.
Proposal 3: For FDM scheme A requirements, RAN4 reuses the same test setup and metric as the mDCI-based SDM transmission requirements, that is,
· Configure MCS19,
· Use the 70% of maximum throughput as the test metric,
· Set the same requirements (SNR) as multi-DCI based transmission scheme, and 
Configure frequency offset and negative time offset
Proposal 4: RAN4 defines PDSCH demodulation requirements with sDCI-based inter-slot TDM for UE capable of supportInter-slotTDM.
Proposal 5: Inter-slot TDM requirement is skipped if UE passes URLLC slot aggregation requirements, discussed in Rel-16 URLLC WI performance, and anyone of the other multi-TRP Tx requirements.
Observation 1: sDCI-based inter-slot transmission shows performance gain compared with single-TRP based transmission.
Observation 2: sDCI-based iner-slot transmission performance is affected by frequency offset between two TRPs, especially for higher MCS.
Proposal 6: Set the same MCS (13, 16, or 19) as PDSCH slot aggregation defined in Rel-16 URLLC WI performance part. 
Proposal 7: Use the same test metric as PDSCH slot aggregation defined in URLLC WI, that is, 1% BLER. 
Proposal 8: Configure frequency offset and positive time offset.
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